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Appendix S1
Data collection
Fieldwork took place in February/March 2014 and 2015 when in each sub-
plot we measured diameter at breast height (d.b.h.) and height of each stem
of all self-standing woody plants ≥ 1 cm d.b.h. and ≥ 1.3 m high. Only taxa
identified with an accepted name in the African Flowering Plants database
(http://www.ville-ge.ch/musinfo/bd/cjb/africa/recherche.php) were included
in the analyses (excluding 2% of observed individuals). Identification was
done by local botanists and forest prospectors. Non-commercial species were
analysed at the genus level to minimise the effect of any misidentifications
at the species level. For 91% of all individuals we were able to assign a
regeneration guild based on the literature (Fayolle et al. 2014; Hawthorne
1995).
Tree species of commercial interest (Table S1) were defined based on a
list of 35 species targeted for selective logging across the Congo Basin (Ruiz
Pérez et al. 2006), corrected by an internal list of commercially valuable
tree species (CIB, unpublished). To differentiate roughly between recruits
and mature trees we divided all individuals between two diameter classes,
≥ 1 and < 15 cm and ≥ 15 cm d.b.h. This value was determined in a
pilot study based on the maximum diameter of timber trees found on road
tracks and edges. For tree diversity we used the Shannon-Index on the genus
level (Magurran 2004). Above-ground woody biomass was calculated with
a pantropical allometric formula (Chave et al. 2014):
AGBest = 0.0673× (ρD2H)0.976 (1)
Where ρ is wood specific gravity, D diameter at breast height and H height.
Wood specific gravity was extracted from the DRYAD database (Zanne et al.
2009), completed with data from a CIRAD database of wood specific prop-
erties (http://tropix.cirad.fr/). Whenever possible we calculated means of
wood specific gravity at the genus level, otherwise at the family level. For
the 6.9% individuals with no available data, we used subplot-wide means.
The main explanatory variables were those used in the sample stratifi-
cation, namely time after road abandonment, which we analysed using the
chronosequence assumption in a space-for-time substitution (Terborgh et al.
1996), and habitat zone (road track, edge, adjacent logged forest). Addi-
tionally we measured the clearing width, i.e. the corridor where forest cover
had been fully removed during road construction indicated by the absence
of mature trees. Other explanatory variables were derived from the mea-
surement of site- and soil-related factors. We assessed canopy closure above
a measurement height of 1.3 m using one hemispherical photograph in the
centre of each subplot, evaluated with the application HabitApp (Macdonald
& Macdonald 2016). This information was corroborated with an indepen-
2
dent visual assessment of canopy closure from the centre of each subplot
(Jennings et al. 1999). Soil compaction was measured as the mean of five
random measurements per subplot with a pocket penetrometer (Eijkelkamp,
Giesbeek, Netherlands) to determine the penetration resistance of the top
soil layers (range 0-5 kg/cm2, depth 6.35 mm). Each of the 86 road sample
sites were classified into three soil fertility classes (rich, intermediate, poor)
based on maps of geological substrate as described by Kleinschroth et al.
(2015). This information was corroborated by soil texture determined by
feel-analysis with 90% of rich substrates being characterised by clay loams,
a ratio of 1/3 loam and 2/3 sand for intermediate substrates and 100% sand
for poor substrates. Where the substrate is poor soil derived from sandstone
the forest has mostly only been opened for logging after 2000 (Kleinschroth
et al. 2015), with the oldest sampled road abandoned 12 years ago (con-
cession 11 in Fig. 1). The thickness of the litter layer was measured as
the mean of five random measurements per subplot with a ruler. The dom-
inant herbaceous species (including non-woody climbers) in each subplot
were identified and their cover estimated in per cent as a projection on the
plot surface. This included mostly species from the Marantaceae family as
well as the genus Aframomum (Zingiberaceae) and the non-native species
Chromolaena odorata (Asteraceae). The sampled concessions showed pro-
nounced differences in AGB (Table S1) due to differences in tree density and
species composition. Given the limitations of our small plot size we used
395.7 Mg ha-1 (Lewis et al. 2013) as a reference for mature forests.
We assessed current human access on each of the 86 abandoned road
sites based on the presence of different types of path, informed by the local
knowledge of field guides and occasional observations of path users. A foot-
path was characterized by a narrow trampling line, interrupted by rougher
sections including climbs due to obstacles such as fallen trees as well as
stream crossings with logs as improvised bridges. A motorcycle path was
indicated by a continuous line of open soil or disturbed vegetation with by-
passes at any obstacle, especially at the junction with a permanently-open
access road, where logging companies had usually placed log barriers.
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Figure S1. Scatterplots against years after road abandonment of (a) the probability
of presence of individuals of commercial timber species ≥ 1 and < 15 cm d.b.h., (b)
log transformed basal area of the same commercial species’ individuals, wherever
they were present, (c) Shannon diversity index of genera of woody plants for indi-
viduals ≥ 1 cm d.b.h. (wherever present) and (d) log transformed above-ground
biomass (Mg ha-1) of woody plants > 1 cm d.b.h.. Colours indicate plots in the
road track (blue) and the adjacent forest (red). Linear regression lines with 95%
confidence intervals are included to aid visual interpretation.
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Figure S2. Mean values and 95% confidence intervals for four variables across plots
in three road habitat zones and three substrate fertility classes. Only plots in sites
less than 15 years after road abandonment were included.
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Figure S3. Kruskal’s non-metric multidimensional scaling based on floristic dis-
similarity (Jaccard index) calculated on the presence of 173 genera in 449 plots,
grouped into three habitat zones (colours) and three road age classes (shapes).
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Figure S4. Genus-area accumulation curves for three road age classes (in different
colours) separated over each of three habitat zones.
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Figure S5. Scatterplots against years after road abandonment of (a) soil com-
paction, (b) thickness of the litter layer and (c) percentage of canopy cover for
three habitat zones indicated by different colours. Linear regression lines with 95%
confidence intervals are included to aid visual interpretation.
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Figure S6: Time since abandonment of roads with different types of path use. Small
letters show significant differences with the Kruskal Wallis rank-sum test.
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Figure S7: Conceptual Venn diagram of the main conclusions. Each bubble rep-
resents one aspect of the forest: landscape, exploitation and restoration. Overlaps
are labelled with potential synergies between the different conclusions.
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Tables
Table S1. Mixed models of effects of environmental variables on recovery of vege-
tation and soils on abandoned logging roads. Each model has a different response
variable but the same set of fixed-factor explanatory variables and annual felling
area (AAC) as a random (nesting) factor. Ninety five per cent confidence inter-
vals (CI) were generated through model-based (semi-) parametric bootstrapping
for mixed models with 100 iterations. Model A is a generalized linear mixed model
with binomial distribution, Models B to J are linear mixed models with normal
distribution (for B and D achieved through log transformation). Model B contains
only those plots with observations of commercial species.
Response 
variable 
Explanatory variables 
Vari-
ance 
Resi-
duals 
Estimate 95% CI 
Statistic 
value 
P value 
A) Presence/ 
absence of 
commercial 
tree species 
< 15 cm d.b.h. 
AAC (random effect) 0.77      
(Intercept)   -1.893 -2.425/ -1.291 -6.185 <0.001*** 
Years after abandonment   0.237 -0.077/ 0.534 1.536 0.124 
Clearing width   0.105 -0.259/ 0.41 0.645 0.519 
Zone (reference level: adjacent forest) 
     Road edge   1.083 0.461/ 1.544 3.728 <0.001*** 
     Road track   1.469 0.818/ 1.946 5.021 <0.001*** 
Substrate (reference level: rich) 
     Intermediate   0.619 -0.221/ 1.609 1.393 0.164 
     Poor   1.048 -0.169/ 2.302 1.766 0.077. 
B) Where 
commercial 
tree species 
present, their 
basal area (log 
transformed) 
AAC (random effect) 0 2.199     
(Intercept)   -1.094 -1.583/ -0.532 -3.73 <0.001*** 
Years after abandonment   0.445 0.176/ 0.712 3.311 0.001** 
Clearing width   0.067 -0.196/ 0.369 0.453 0.651 
Zone (reference level: adjacent forest) 
     Road edge   0.187 -0.46/ 0.791 0.55 0.583 
     Road track   -0.617 -1.296/ 0.006 -1.842 0.067. 
Substrate (reference level: rich) 
     Intermediate   0.449 -0.32/ 1.095 1.216 0.226 
     Poor   0.012 -0.676/ 0.742 0.029 0.977 
C) Shannon 
diversity index 
of woody plant 
genera 
AAC (random effect) 0.013 0.174     
(Intercept)   1.269 1.174/ 1.37 28.219 <0.001*** 
Years after abandonment   0.093 0.044/ 0.156 3.377 0.001** 
Clearing width   0.010 -0.047/ 0.076 0.316 0.752 
Zone (reference level: adjacent forest) 
Road edge   -0.262 -0.378/ -0.159 -4.948 <0.001*** 
Road track   -0.316 -0.425/ -0.205 -5.517 <0.001*** 
Substrate (reference level: rich) 
Intermediate   0.069 -0.101/ 0.219 0.858 0.393 
Poor   0.394 0.2/ 0.59 3.887 <0.001*** 
D) Above-
ground biomass 
(log 
transformed) 
AAC (random effect) 0.429 7.137     
(Intercept)   5.347 4.8/ 5.932 19.651 <0.001*** 
Years after abandonment   0.862 0.567/ 1.123 5.695 <0.001*** 
Clearing width   -0.281 -0.612/ 0.075 -1.583 0.114 
Zone (reference level: adjacent forest) 
     Road edge   -2.892 -3.398/ -2.345 -9.39 <0.001*** 
     Road track   -5.451 -6.118/ -4.787 -17.671 <0.001*** 
Substrate (reference level: rich) 
     Intermediate   0.400 -0.494/ 1.188 0.895 0.373 
     Poor   1.168 0.047/ 2.131 2.004 0.05* 
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Response 
variable 
Explanatory variables 
Vari-
ance 
Resi-
duals 
Estimate 95% CI 
Statistic 
value 
P value 
E) Canopy 
closure 
AAC (random effect) 13 36.76     
(Intercept)   87.225 85.337/ 88.949 104.578 <0.001*** 
Years after abandonment   3.487 2.622/ 4.456 7.241 <0.001*** 
Clearing width   -1.283 -2.287/ -0.273 -2.741 0.006** 
Zone (reference level: adjacent forest)      
     Road edge   -4.502 -5.698/ -2.988 -6.419 <0.001*** 
     Road track   -9.443 -10.79/ -7.992 -13.443 <0.001*** 
Substrate (reference level: rich)      
     Intermediate   -0.943 -2.985/ 1.452 -0.658 0.512 
     Poor   3.120 -0.694/ 6.965 1.556 0.125 
F) Litter layer 
depth 
AAC (random effect) 0.906 3.664     
(Intercept)   5.914 5.453/ 6.374 24.523 <0.001*** 
Years after abandonment   0.565 0.31/ 0.824 4.048 <0.001*** 
Clearing width   -0.110 -0.345/ 0.191 -0.778 0.437 
Zone (reference level: adjacent forest) 
     Road edge   -0.630 -1.085/ -0.165 -2.855 0.005** 
     Road track   -1.340 -1.751/ -0.897 -6.062 <0.001*** 
Substrate (reference level: rich) 
     Intermediate   0.082 -0.802/ 0.888 0.203 0.84 
     Poor   -0.728 -2.042/ 0.386 -1.285 0.203 
G) Soil 
compaction 
AAC (random effect) 0.182 0.925     
(Intercept)   1.926 1.67/ 2.157 16.669 <0.001*** 
Years after abandonment   -0.387 -0.523/ -0.259 -5.818 <0.001*** 
Clearing width   0.084 -0.049/ 0.215 1.206 0.229 
Zone (reference level: adjacent forest) 
     Road edge   0.949 0.75/ 1.159 8.557 <0.001*** 
     Road track   2.125 1.898/ 2.361 19.134 <0.001*** 
Substrate (reference level: rich) 
     Intermediate   -0.937 -1.295/ -0.572 -4.828 <0.001*** 
     Poor   -1.934 -2.388/ -1.399 -7.245 <0.001*** 
H) 
Chromolaena 
odorata cover 
AAC (random effect) 31.1 112.6     
(Intercept)   1.808 -0.673/ 4.195 1.319 0.19 
Years after abandonment   -2.598 -4.132/ -1.142 -3.276 0.001** 
Clearing width   3.677 2.105/ 5.117 4.671 <0.001*** 
Zone (reference level: adjacent forest) 
     Road edge   2.121 -0.145/ 4.553 1.734 0.084. 
     Road track   6.980 4.975/ 9.439 5.697 <0.001*** 
Substrate (reference level: rich) 
     Intermediate   -5.461 -9.687/ -0.689 -2.359 0.02* 
     Poor   -4.477 -9.851/ 1.228 -1.379 0.173 
I) Aframomum 
spp. cover 
AAC (random effect) 155.2 361.8     
(Intercept)   5.869 0.558/ 11.01 2.132 0.036* 
Years after abandonment   -3.539 -6.496/ -0.527 -2.242 0.027* 
Clearing width   2.821 -0.176/ 5.394 1.933 0.054. 
Zone (reference level: adjacent forest) 
     Road edge   18.185 13.216/ 23.029 8.293 <0.001*** 
     Road track   22.627 18.562/ 27.457 10.302 <0.001*** 
Substrate (reference level: rich) 
     Intermediate   -11.529 -20.338/ -2.825 -2.468 0.016* 
     Poor   -16.862 -30.751/ -2.134 -2.51 0.015* 
J) Marantaceae 
spp. cover 
AAC (random effect) 164.8 612.8     
(Intercept)   32.204 26.299/ 38.072 10.132 <0.001*** 
Years after abandonment   7.204 3.611/ 11.038 3.919 <0.001*** 
Clearing width   1.719 -2.159/ 5.589 0.938 0.349 
Zone (reference level: adjacent forest) 
     Road edge   -0.668 -5.533/ 4.55 -0.234 0.815 
     Road track   -8.827 -13.952/ -3.937 -3.088 0.002** 
Substrate (reference level: rich) 
     Intermediate   1.912 -8.863/ 12.644 0.356 0.722 
     Poor   -22.334 -36.82/ -6.816 -2.973 0.004** 
 
10
Table S2. List of commercial species with density (d) of individuals ha−1 and fre-
quency (%) of plots with observations in two diameter classes and four road-habitat
zones. Species names are in accordance with the African Flowering Plants database
(http://www.ville-ge.ch/musinfo/bd/cjb/africa/recherche.php). Total number of
5 x 5 m plots: road track (156), edge (148), adjacent forest (156). Regeneration
guild (Fayolle et al. 2014; Hawthorne 1995) abbreviations correspond to: P: pioneer
species; NPLD: non-pioneer light demanding species; SB: shade-bearing species.
     Trees ≥ 1 and < 15 cm d.b.h.  Trees ≥ 15 cm d.b.h. 
   
 
Road track Road edge 
Adjacent 
forest 
 Road 
track 
Road 
edge 
Adjacent 
forest 
Scientific name Family 
Reg. 
guild 
 
d % d % d % 
 
d % d % d % 
Albizia ferruginea (Guill. & 
Perr.) Benth. 
Fabaceae NPLD 
 
8 1.3 0 0 0 0 
 
0 0 0 0 0 0 
Amphimas pterocarpoides 
Harms 
Fabaceae NPLD 
 
0 0 5 1.3 0 0 
 
0 0 0 0 0 0 
Cylicodiscus gabunensis 
Harms 
Fabaceae NPLD 
 
0 0 0 0 0 0 
 
0 0 3 0.6 0 0 
Diospyros crassiflora Hiern Ebenaceae SB  3 0.6 0 0 13 1.9  0 0 0 0 5 1.3 
Entandrophragma 
angolense (Welw.) C. DC. 
Meliaceae NPLD 
 
8 1.9 5 1.3 0 0 
 
0 0 0 0 0 0 
Entandrophragma 
candollei Harms 
Meliaceae NPLD 
 
3 0.6 0 0 3 0.6 
 
0 0 0 0 0 0 
Entandrophragma 
cylindricum (Sprague) 
Sprague 
Meliaceae NPLD 
 
18 3.8 15 3.2 5 1.3 
 
0 0 0 0 0 0 
Eribroma oblongum 
(Mast.) Pierre ex A. Chev. 
Sterculia-
ceae 
SB 
 
5 1.3 15 2.6 13 3.2 
 
0 0 0 0 3 0.6 
Erythrophleum suaveolens 
(Guill. & Perr.) Brenan 
Fabaceae NPLD 
 
0 0 8 1.9 3 0.6 
 
0 0 0 0 0 0 
Chrysophyllum 
lacourtianum De Wild. 
Sapota-
ceae 
 
 
0 0 0 0 0 0 
 
0 0 0 0 3 0.6 
Gilbertiodendron dewevrei 
(De Wild.) J. Léonard 
Fabaceae  
 
3 0.6 0 0 22 1.3 
 
0 0 0 0 11 1.9 
Irvingia grandifolia (Engl.) 
Engl. 
Irvingia-
ceae 
NPLD 
 
0 0 3 0.6 0 0 
 
0 0 0 0 0 0 
Khaya anthotheca (Welw.) 
C. DC.  
Meliaceae NPLD 
 
0 0 3 0.6 0 0 
 
0 0 0 0 0 0 
Klainedoxa gabonensis 
Pierre ex Engl. 
Irvingia-
ceae 
NPLD 
 
3 0.6 3 0.6 3 0.6 
 
0 0 0 0 3 0.6 
Leplaea cedrata (A. Chev.) 
E.J.M. Koenen & J. J. de 
Wilde 
Meliaceae SB 
 
5 1.3 18 3.8 5 1.3 
 
0 0 3 0.6 5 1.3 
Lophira alata Banks ex C. 
F. Gaertn. 
Ochnaceae P 
 
15 3.2 15 1.9 3 0.6 
 
0 0 0 0 0 0 
Lovoa trichilioides Harms Meliaceae NPLD  3 0.6 0 0 0 0  0 0 0 0 0 0 
Milicia excelsa (Welw.) 
C.C. Berg 
Moraceae P 
 
5 1.3 3 0.6 0 0 
 
0 0 0 0 0 0 
Millettia laurentii De Wild. Fabaceae   3 0.6 15 1.9 0 0  0 0 0 0 0 0 
Nauclea diderrichii (De 
Wild. & T. Durand) Merr. 
Rubiaceae P 
 
0 0 28 5.1 3 0.6 
 
0 0 0 0 0 0 
Nesogordonia 
papaverifera (A. Chev.) 
Capuron ex N. Hallé 
Sterculia-
ceae 
SB 
 
3 0.6 3 0.6 5 1.3 
 
0 0 0 0 3 0.6 
Ongokea gore (Hua) Pierre Olacaceae NPLD  0 0 0 0 3 0.6  0 0 0 0 0 0 
Piptadeniastrum 
africanum (Hook. f.) 
Brenan 
Fabaceae NPLD 
 
10 1.3 0 0 0 0 
 
0 0 0 0 0 0 
Pterocarpus soyauxii Taub. Fabaceae NPLD  103 19.2 49 7.7 13 3.2  0 0 0 0 3 0.6 
Terminalia superba Engl. & 
Diels 
Combreta-
cea 
P 
 
95 16.7 69 11.5 3 0.6 
 
5 0.6 15 2.6 19 4.5 
Triplochiton scleroxylon K. 
Schum. 
Malvaceae P 
 
28 5.1 10 1.9 0 0 
 
0 0 3 0 8 1.9 
Total    321 43.6 267 35.9 97 17.7  5 0.6 24 3.8 63 13.9 
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Table S3. Calculation of the area and above-ground biomass (AGB) of forest that
has had been cleared for road construction inside the studied logging concessions
during 1985-2015 based on average road clearing width and total road length. Due
to low numbers of observations concessions 6 and 7, and 9 and 10 (Fig. 1) were
grouped together.
 
Con-
cession 
N 
Total road 
length (km) 
Concession 
area (km2) 
Mean clearing 
width (m) 
Area cleared 
for roads 
(km2) 
Proportion 
cleared (%) 
AGB in the 
forest (Mg ha-1) 
AGB removed per 
road length (Mg 
km-1)† 
1 19 485 850 16.5 8 0.94 411 653 
2 18 384 714 16.68 6.4 0.9 605 660 
3 17 364 820 17.41 6.34 0.77 888 689 
4 20 626 1270 16.85 10.55 0.83 544 667 
5 15 165 660 16.06 2.64 0.4 151 636 
6 & 7 12 357 1193 21.48 7.64 0.65 199 850 
8 17 1820 5278 25.52 46.45 0.88 208 1010 
9 & 10 18 2459 8536 27.9 68.3 0.86 660 1104 
11 12 1564 5728 21.25 33.24 0.58 485 841 
Means 
(SD) 
15 
(3) 
914 
(818) 
2783 
(2941) 
19.96  
(4.36) 
21.06   
(23.07) 
0.76 
(0.18) 
461 
(245) 
790 
(172) 
† based on a value of 395.7 Mg ha-1 (Lewis et al. 2013)
Table S4: Floristic dissimilarity between three habitats in three classes of age since
road abandonment. The table is divided into Morisita-Horn (upper/right side) and
Jaccard (lower/left side) indices.
   Road track  Road edge  Adjacent forest 
 Age (years)  < 8 8-15 > 15  < 8 8-15 > 15  < 8 8-15 > 15 
Road 
track 
< 8  - 0.41 0.64  0.40 0.43 0.66  0.86 0.92 0.92 
8-15  0.76 - 0.30  0.59 0.25 0.40  0.75 0.76 0.75 
≥ 15  0.83 0.64 -  0.71 0.37 0.22  0.75 0.77 0.72 
              
Road 
edge 
< 8  0.78 0.78 0.83  - 0.31 0.66  0.75 0.80 0.82 
8-15  0.78 0.59 0.67  0.65 - 0.28  0.60 0.60 0.61 
≥ 15  0.82 0.71 0.54  0.80 0.61 -  0.61 0.63 0.56 
              
Adjacent 
forest 
< 8  0.92 0.84 0.82  0.85 0.77 0.76  - 0.08 0.18 
8-15  0.94 0.86 0.83  0.88 0.80 0.79  0.44 - 0.17 
≥ 15  0.94 0.87 0.83  0.90 0.79 0.77  0.52 0.54 - 
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